The role of polypyrrole-cellulose (PPy-Ce) nanocomposite for the removal of Ni(II) from aqueous solution was investigated by batch experiments. The PPy-Ce nanocomposite was prepared by chemical oxidate polymerization of pyrrole monomer with cellulose. Transmission electron micrography (TEM) showed the size of the particles varied from 80 to 95 nm. The characteristic C-O, O-H, C-N and C-C vibrations in the Fourier transform infrared (FTIR) spectra indicate that the cellulose successfully integrated with the pyrrole. Influence of experimental variables such as pH, contact time, adsorbent dose and initial Ni(II) concentration were optimized using the response surface methodology (RSM) based Box-Behnken design (BBD). The optimal conditions for maximum removal of Ni(II) were pH 8, time 65 min, adsorbent dose 0.3 mg/l and Ni(II) concentration 50 mg/l. The maximum removal efficiency under optimized conditions was >94%. The results indicate that BBD could be used to optimize experimental conditions for metal removal from aqueous solution.
Introduction
Several public health hazards and deterioration of the ecosystem due to metal contamination have been well documented (1, 2) . The metal nickel [Ni(II)] is a serious threat to the environment due to its high utilization in developing countries and its recalcitrant nature, and to human health due to its ability to induce allergies, cardiovascular issues, gastrointestinal irritation, kidney disease and lung fibrosis (3, 4) . Mining and metallurgy of Ni(II), various industrial activities and electronic equipment are the major sources of Ni(II) contamination (5, 6) . Stringent regulations and restrictions are in place to monitor the discharge of Ni(II) containing effluents into the ecosystem; the acceptable discharge level of Ni(II) from industrial effluents into water bodies is 3 mg/l, and the permissible level in drinking water meant for human consumption is <40 μg/l (7, 8) . Therefore, it is essential to manage the level of Ni(II) in industrial effluents before it is discharged into bodies of water. Environmental engineers have been trying to develop innovative technologies to solve this problem. A variety of technologies including chemical reduction, precipitation, evaporation, coagulation, and electrochemical, ion exchange and membrane processes have been studied for Ni(II) ion remediation processes (9, 10) . Nevertheless, more research and broader validation are still needed to develop better field applications that are cost effective and eco-friendly.
The adsorption process is a proven technology for treating metal contamination (11) (12) (13) (14) due to its cost-effectiveness, operational flexibility, reusable nature of the treated effluent and its ability to regenerate the adsorbent used. A variety of materials such as agro-industrial wastes, synthetic and natural polymers, polymeric composites, microbial biomass and clayey materials have been assessed for their ability to remove metals from aqueous solutions and/or industrial wastes. In the past decade, attention has been focused on the application of nanomaterials and nanocomposites in the adsorption process because of their enhanced reactivity, high surface area and small internal diffusion resistance. Polypyrrole (PPy) is a semi-conducting polymer that is widely used in material science because of its high electrical conductivity, environmental stability, biocompatibility, electrocatalytic activity, low oxidation potential, easy synthesis, high doping-dedoping potential and low cost. PPy also shows good prospects for the remediation of contaminated water (15, 16) . However, poor processability and lack of mechanical properties limit the application of PPy in large/industrialscale wastewater treatment processes. These disadvantages are overcome by compositing PPy with biological and chemical polymers, agro-industrial wastes and/or other substances (14) . For example, PPy-chitosan composite effectively removed 95% Pb(II) and Cd(II) from tap water (18) . Under optimal conditions, PPy-sawdust composite removed 94.4% of Zn(II) from aqueous solution and 328, 32.5 and 15.2 mg/l of Cr(VI), Ni and Zn(II), respectively, from plating wastewater (19) . Ghorbani and Eisazadeh (20) reported that the PPy-rice husk ash composite removed 96.4% of Cu and 92.4% of Cd from cotton textile wastewater. PPy-bacterial extracellular polysaccharide nanocomposite adsorbed and subsequently reduced 80% of Cr(VI) present in aqueous solution within 30 min (21). Chávez-Guajardo et al. (22) showed that PPy-maghemite composite effectively removes 209 mg/g of Cr(VI) and 171 mg/g of Cu(II) from aqueous solutions.
Cellulose is the most abundant biopolymer in nature. It is a linear homopolymer of β-D-glucopyranose units joined by β-1,4 glycosidic linkages (23) . Cellulose and its derivatives have wide-ranging applications in different fields because of their inexpensiveness, renewability, ecofriendly nature and biocompatibility (24, 25) . However, native cellulose has limited application in wastewater treatment because of its high crystallinity and supermolecular structure (26) . The intra-and intermolecular hydrogen bond network in the polymer decreases the adsorption capacity of cellulose. Therefore, the hydrogen bond network in the cellulose is modified by direct chemical transformation or by composite preparation before its application in the removal of different groups of pollutants from aqueous solution/wastewater (27) . Porous cellulose spheres modified with trisodium trimetaphosphate adsorbed 150.6 mg/g of Pb 2+ from aqueous solution (28). Janaki et al. (24) reported that the cellulosepolyaniline composite adsorbed 95.9, 91.9, 92.7 and 95.7% of Remazol Brilliant Blue R, Reactive Orange 16, Reactive Black 5, and Remazol Brilliant Violet 5R, respectively, and decolorized 82% of simulated reactive dye bath effluent. Cellulose-acetate/zeolite composite fiber removed 28.57 and 16.95 mg/g of Cu(II) and Ni(II) from aqueous solution (29) . Sodium alginate-carboxymethyl cellulose composited adsorbed 99% of Pb(II) from aqueous solution under optimized conditions (30) . Stoica-Guzun et al. (31) reported that bacterial cellulose-magnetite composite effectively adsorb Cr(VI) from aqueous solution at pH 4 and subsequently reduced Cr(VI) into Cr(III). However, polypyrrole-cellulose (PPy-Ce) composite has never been assessed for the removal of Ni(II) from aqueous solutions.
Efficiency of the adsorption process is highly influenced by experimental variables such as pH, initial concentration of the adsorbate, adsorbent dosage and contact time (24, 32) . Thus, optimization of the experimental conditions is a vital factor for effective adsorption. Conventional and classical methods of optimization do not depict the combined effect of all the experimental variables. Furthermore, it is a time consuming process and requires an increased number of experiments to optimize experimental conditions, which are unreliable. These disadvantages are overcome by optimizing the experimental conditions using a statistics-based experimental design such as response surface methodology (RSM). It is a combination of mathematical and statistical techniques that is widely used for optimizing and improving the process and to understand the interaction among the experimental variables that have to be optimized (33) . Hence, the objectives of the present study were (i) to synthesize and characterize PPy-Ce composite, (ii) assess the feasibility of the PPy-Ce composite for the removal of Ni(II) from aqueous solution, and (iii) optimize the experimental variables using the RSM-based Box-Behnken design (BBD).
Materials and Methods

Materials
Pyrrole monomer and cellulose were procured from Sigma-Aldrich (Milwaukee, WI, USA). Ni(II) stock solution (1000 mg/l) was prepared by dissolving a weighed quantity (4.478 g) of nickel sulfate (Sigma-Aldrich, Milwaukee, WI, USA) in double distilled water, and the working concentrations (50-250 mg/l) were prepared by diluting the stock solution with double distilled water. All other chemicals used in this experiment were of analytical grade.
Preparation of PPy-Ce composite
PPy-Ce composite was prepared by the chemical oxidative polymerization of the pyrrole monomer in the presence of cellulose (24) . In brief, cellulose (0.5 g) was dissolved in double distilled water (20 ml) and pyrrole monomer (0.2 m in 1 m HCl) was added and stirred for 15 min to get a homogenous solution. The chemical oxidant ammonium peroxydisulfate was added with continuous stirring at 4°C. The molar ratio of oxidant to monomer was 1:2. The reaction mixture was incubated overnight at 4°C, and the blackish precipitates were separated by centrifugation at 3988 g for 10 min. The precipitates were washed several times with distilled water and methanol until the filtrates became clear. The washed precipitates were freeze dried at −80°C and used for further studies. Polymerization of pyrrole and cellulose is schematically represented in the Figure 1 .
Characterization of PPy-Ce composite
The morphology of the PPy-Ce composite was obtained through transmission electron microscopy (TEM) (JEOL, JEM 2100, Japan). The PPy-Ce composite was mixed with KBr pellets and compressed into films for Fourier transform infrared (FTIR) spectroscopy analysis using a Thermo Scientific Nicolet IR100 spectrometer. The sample was scanned in the range of 400-4000 cm 
Batch experiments
Batch experiments were carried out in a 250 ml Erlenmeyer flask on a shaking incubator (180 rpm) at 26 ± 1°C. RSMbased BBD was used for statistical optimization of Ni(II) removal conditions. Four important independent variables, pH (A), time (B), adsorbent dose (C), and initial Ni(II) concentration (D), were selected based on the preliminary study, and the Ni(II) removal % (Y) was considered as the dependent variable (response). The experiments were designed using Design Expert software (9.0 trial version) and 29 runs were executed to optimize the experimental conditions. At the end of each experiment, samples were withdrawn, centrifuged at 3988 g for 10 min and analyzed for residual Ni(II) concentration using a UV-Vis spectrophotometer (Hach Make: DR/2400 model) at 470 nm. Ni(II) removal (%) was calculated using the following equation:
where C o and C e are the initial and final Ni(II) concentrations (mg/l), respectively. The second-order polynomial equation used to fit the experimental results is depicted in Eq. [2] . where Y is the predicted response, β 0 , β i , β ii , and β ij are fixed regression coefficients of the model, X i and X j represent independent variables, and ε the random error. The adequacy of the proposed model was identified by the diagnostic checking test using analysis of variance (ANOVA), and the property of the fit polynomial model was represented by the coefficient of determination (R 2 ). These analyses were performed by Fisher's test (F-test) and p-value (probability).
Results and discussion
Characterization of PPy-Ce nanocomposite
A representative transmission electron micrograph of the PPy-Ce composites ( Figure 2 ) confirms that the particles were either spherical or oval in shape. The size of the particles varied from 80 to 95 nm and mostly presented as aggregates. The results are in accordance with previous studies reporting the aggregated nature of PPy composites (20, 21) . FTIR spectra of the PPy-Ce nanocomposite are shown in Figure 3A . The peaks at 3358 and 3091 cm (35) . Similarly, the series of peaks at 1314, 1049, 911 and 792 cm −1 are different vibrational modes of PPy (36) . In addition, the spectrum showed the presence of alkane peaks at 617 cm −1 (24) . The results indicate that cellulose has successfully integrated with PPy. The polymerization process might break the intra-and intermolecular hydrogen bonds in cellulose and, thereby, frees the hydroxyl groups for interaction with metals. To understand the involvement of functional groups in Ni(II) removal, FTIR analysis was carried out in Ni(II) loaded PPy-Ce nanocomposites [composites were dried after contact with initial Ni(II) concentration of 150 mg/l, pH 8 and contact time 10 min], and the results are presented in Figure 3B . The peak assigned to O-H stretching has shifted from 3091 to 3102 cm . Similarly, the C-O ester peak of cellulose has shifted from 1181 to 1189 cm −1 . The results confirmed the involvement of different functional groups in Ni(II) adsorption; electrostatic interactions and some chemical bonds may be formed between PPy-Ce nanocomposites, and Ni(II) ions could be responsible for vibrations in different functional groups. Furthermore, the disappearance of 1109 cm −1 peak in Ni(II) loaded PPy-Ce composites indicate that Ni(II) adsorption altered the functional groups of the composite. Venkatachalam and Seralathan (37) reported a minor shift in the functional groups of benzenesulfonic acid-doped polyaniline nanorods after reactive dye adsorption.
XRD is widely employed to understand the nature of the materials. Thus, to investigate the nature of PPy-Ce nanocomposite, XRD analysis was carried out and the results are presented in Figure 4 . The sharp narrow peaks at 2θ = 14.6 and 22.5°, with 6.07 and 3.95 Å d-spacing, suggest the crystalline nature of the PPy-Ce nanocomposite. The results are consistent with previous studies reporting the crystalline nature of the cellulose composites (24, 38).
Optimization Ni(II) removal
The results for each run performed as per the experimental plan are given in 
In Eq. [3] , the magnitude of the coefficient indicates the intensity of the experimental variables on Ni(II) removal, with a positive value indicating a synergistic effect and a negative value indicating an antagonistic effect (39) . The coefficients of A (pH), B (time), C (adsorbent dose), twofactor interaction effects (AC, AD, BC and BD), and three curvature effects (D 2 ) were all positive, indicating that Ni(II) removal efficiency of PPy-Ce nanocomposite was improved as the level of these factors increased. However, negative values for other factors (D, AB, CD, B 2 and C 2 ) indicate that Ni(II) adsorption rate decreased as the level of these factor increased. High coefficient of A and C indicates that these two factors have a vital role in the removal of Ni(II) using PPy-Ce nanocomposites.
The significance of the second-order quadratic model coefficient was evaluated using ANOVA, and the results are given in Table 2 was tested through the lack of fit F-test. The F-statistic of the established model was 33.21 with a low probability value (Prob > F 0.0500), indicating that the model is statistically significant. Similarly, the p-values for A, B, C, D and A 2 were less than 0.0500, which confirms the influence of pH, contact time, PPy-Ce nanocomposites dosage and initial Ni(II) concentrations to be significant for Ni(II) adsorption onto PPy-Ce nanocomposites. Furthermore, the coefficient of variation (CV) value (2.94%) indicates a satisfying precision and reliability of the model. Thus, the BBD model could provide a reasonable estimation of the response for Ni(II) removal using PPy-Ce nanocomposites.
Effect of experimental variable and three-dimensional response plots
To understand the interactive effect of experimental variables on the percentage of Ni(II) removal, three-dimensional plots were established ( Figure 5 ). As four different variables were selected for the study, one variable was held as a constant at the central level of each point. Figure 5A shows the combined effect of pH and contact time on the removal of Ni(II) from aqueous solutions. The results showed that Ni(II) removal efficiency increased according to the increase in pH and contact time. For instance, at pH 5 and contact time of 10 min, the removal efficiency was 63.2% and it increased to 86.6% at pH 8 and contact time of 120 min. The decrease in removal efficiency at lower pH was due to the protonation of amino groups in the PPy-Ce nanocomposite as expressed in Eq. [4] :
Protonation leads to a strong electrostatic repulsion between Ni 2+ and NH 3+ which prevents the adsorption processes. Alternatively, a strong competition between Ni 2+ and H + ions present in the aqueous solution hinders the uptake capacity. However, as the pH increases (5-8), deprotonation of the nitrogen atom occurs and a higher number of amino groups are chelated with Ni 2+ which results in higher uptake capacity. Numerous studies reported that the high alkaline pH (>9) decreases the Ni removal rate, which could be due to the formation of Ni(OH) 2 in the reaction mixture (40) (41) (42) . Figure 5B represents the interactive effect of adsorbent dose and contact time on Ni(II) removal. The results indicated that Ni(II) removal efficiency was increased according to the increase in the adsorbent dose. This trend could be explained by the fact that high adsorbent dosage increases the number of reactive sites and overall surface area of the adsorbent; thus, the removal efficiency of Ni(II) increased with increase in the PPy-Ce nanocomposite dosage. The results are in accordance with a previous study that reported the removal efficiency of Cu increased with an increase in cyanobacterial dose (32) .
The effect of adsorbate dose [initial Ni(II) concentration] and pH is shown in Figure 5C . The graph shows the Ni(II) removal efficiency decreased with an increase in initial Ni(II) concentration and a decrease in pH. For example, at pH 8 and 50 mg/l initial Ni(II) concentration, the removal efficiency was 81.2%, which decreased to 64.3% at pH 5 and 250 mg/l initial Ni(II). The decreased removal at high initial Ni(II) concentration could be due to the competition among Ni(II) ions for available reactive sites in the adsorbent and saturation of reactive sites in the PPy-Ce nanocomposites. The results are consistent with previous study reported a decrease in Sr 2+ removal efficiency of polypyrrole-nickel oxide nanocomposite with increase in initial Sr 2+ concentrations (43) . The interactive effects of adsorbate dose and contact time are shown in the Figure 5D . The results showed that Ni(II) removal efficiency an increased with an increase in contact time upto 70 min and gradually decreased with an increase in contact time. The initial increase in Ni(II) removal efficiency could be due to the high availability of reactive sites on the PPy-Ce nanocomposites. Gradual occupancy of these sites reduced the reaction rate and, thus, the Ni(II) removal efficiency becomes less efficient. adsorption onto sporopollenin biomass (32) . Figure 5E shows the interactive effect of adsorbent and adsorbate dose on Ni(II) removal efficiency. The results indicated that Ni(II) removal efficiency increased according to the adsorbent dose even at high initial Ni(II) concentration. Srivastava et al. (43) reported that Sr 2+ removal efficiency increased according to dose of polypyrrole nickel oxide nanocomposite. Furthermore, to support the numerical modeling, confirmatory experiments were performed three times under optimized conditions (pH, 8; time, 65 min; adsorbent dose, 0.3 mg/l; Ni(II) concentration, 50 mg/l). The average Ni(II) removal efficiency was 94.9 ± 0.2%, which is in good agreement with the predicted value 95.3%, suggesting that the model was reliable in this study.
Conclusions
The present study attempted to assess the efficiency of PPy-Ce nanocomposite for the removal of Ni(II) from an aqueous solution. The RSB-based BBD design was successfully employed to optimize the experimental conditions for Ni(II) removal using a PPy-Ce nanocomposite. The results indicated that the design is very effective and is a reliable technique for understanding the influence of experimental variables on response. Under optimized experimental conditions, the PPy-Ce nanocomposite removed >94% of Ni(II) from an aqueous solution. Furthermore, easy availability, low cost and ease of synthesis indicate that PPy-Ce nanocomposite could be used for the treatment of Ni(II) bearing wastewaters.
